Disc disease: A summary and review by Walker, B.F.
    COMSIG REVIEW 
38    Volume 2 • Number 2 • July 1993 
DISC DISEASE 
 
A SUMMARY AND REVIEW 
 
BRUCE F. WALKER D. C. * 
 
 
Index Terms:  Disc disease, disc herniation, disc 
bulge, disc prolapse, disc lesion, internal disc 
disruption, annular tear, chemical radiculitis, low back 
pain, sciatica, chiropractic. 
 
SUMMARY: 
 
The disc is the connective tissue between two vertebral 
end plates of hyaline cartilage.  It consists of two 
different parts, the  annulus fibrosis and nucleus 
pulposus (2). 
 
The intervertebral disc has a number of functions (1).  
First, it separates the vertebral bodies.  Secondly, it 
carries the weight transferred from the vertebra above.  
Thirdly, it is deformable to accommodate the rocking 
movements of the vertebrae and fourthly, it performs its 
normal movements without injury. 
 
There is no clear boundary between the nucleus and the 
annulus within the disc.  Rather, both parts merge (1).  
The annulus is made up of approximately 90 concentric 
layers of helicoid laminated fibres, with adjacent bands 
oriented in opposing directions. The nucleus is a 
gelatinous structure, composed mostly of a 
mucopolysaccharide gel (90% water)  with small 
amounts of cartilaginous fibrils (6). The discs in 
general are primarily composed of collagen, 
proteoglycans and water.  Collagen acts as the 
connective substance between disc and vertebrae as 
well as the basic building block of the annulus.  The 
proteoglycans imbibe fluid, swell the nucleus and 
maintain resistance to load.  The disc is generally 
avascular with nutrients supplied passively by diffusion 
via the endplates (6). 
 
Disc disease may develop in the presence of bacterial 
infection, inflammations, neoplastic diseases, malacic 
states, systemic disease and particularly trauma.  
However, any cause or combination of causes which 
tends to alter vertebral structure will likewise modify 
and interfere with disc physiology (3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Disc pain is difficult to identify precisely because the 
origin or source of pain is so deep (12).  Indeed with 
spinal pain i n general corroboration between clinical 
observations and histologic studies is generally 
impossible and there is often no modification of the 
painful tissue identifiable through current methods of 
imaging (4).  This statement particularly holds true for 
the disc.  Although in recent times more light has been 
shed on internal disc disruption and its imaging by 
CT/Discography (5). 
 
In summary, the disc can be a source of pain, internally 
through annular disruption or externally by herniating. 
 
A.  ANNULAR DISRUPTION: 
 
The works of Yoshizawa (7) and Bogduk (8) have 
established that the outer one-third of the annulus has a 
nerve supply.  This then provides an anatomical basis 
for pain emanating from this region of the disc.  A view 
borne out by the reproduction of pain by provocation 
discography (5). 
 
Degeneration of the disc is thought to be a common 
cause of low back pain, and discs are now thought to 
degenerate before facet joints (66), with increasing age 
a related factor (2). 
 
However, apart from normal aging the discs are subject 
to two major forms of mechanical injury: 
 
Torsion injury with potential tears of the annulus 
(9)(15), and compression injury with the formation of 
Schmorls nodes and their attendant sequelae (9)(10). 
In torsion injury Bogduk and Twomey (9) postulate that 
excessive torsion stresses the annulus and both 
zygapophyseal joints with a spectrum of resulting 
lesions.  With respect to the disc they suggest that the 
resulting lesions are circumferential splits between the 
outer lamellae of the annulus.  Repeated injuries 
forming radial fissures.  Farfan states that torsion 
causes discal distortion and eventual avulsion of the 
annulus from the end plate (18). 
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It is recognised that the disc can withstand extensive 
compressive force without herniation (11), however 
Schmorl's nodes may result from such force (10), 
forcing disc material into the vertebral end plate.  
Bogduk (12) again postulates that this type of injury 
sets off a chain of events which may lead to herniation 
of the d isc.  He suggests that when nuclear material 
enters the vertebral body, the protein constituents of the 
nuclear matrix may elicit and antigenic response.  This 
sets off an insidious inflammatory action back into the 
nuclear material itself with degradation of 
proteoglycans.  The process spreading centrifugally to 
affect the annulus, causing "internal disc disruption" a 
term coined by Crock (13). 
 
Indeed, Crock also supports the theory of these types of 
disc lesions that penetrate into the vertebral body and 
an autoimmune reaction (14). 
 
If nuclear material leaks from a diseased disc and 
contacts nerve roots and other perineural tissue a 
"chemical radiculitis" may result (16)(17). 
 
The clinical features of internal disc disruption are 
poorly localised l ow back pain, possibly lower limb 
pain, pain and stiffness on movements which stress the 
annulus (eg. sitting), even loss of energy, weight loss 
and depression (12)(14). 
 
B.  NUCLEAR HERNIATION: 
 
If a large enough defect occurs in the annulus a disc 
bulge will occur.  Should this defect worsen the annulus 
may not be capable of constraining the nuclear material 
and a herniation may result (19)(20)(24).  The 
incidence of this even as a cause of back pain may be a 
slow as 1% (26).  Jinkins in a study of 236 disc 
extrusions, found that 56.4% were posteriorly placed, 
29.2% were anteriorly placed (ie anterior to the neural 
foramen), and 14.4% were centrally located (ie. into the 
vertebral bodies) (21). 
 
Not all disc herniations are symptomatic (22).  When 
they are, the pattern of pain is dependant on the 
anatomy that the herniation involves both mechanically 
and chemically.  Apart from direct nerve root pressure 
the anatomic basis of disc extrusion pain rests partially 
with somatic fibres originating from the  recurrent 
meningeal nerve which supplies the posterior 
longitudinal ligament, the meninges, blood vessels, a 
portion of the vertebral body periosteum and underlying 
bone (21)(23).  It also involves afferent fibres of the 
anterior and anterolateral disc and paradiscal structures 
which project immediately to the paraspinal 
sympathetic ganglia, giving not only pain but 
potentially aberrant vasomotor, pilomotor and 
sudomotor activity (21). 
Classically, the most common symptoms associated 
with nuclear herniation are radicular pain in particular 
sciatica (25).  This may be accompanied by spasm and 
stiffness in the low back and parasthesiae, numbness, 
weakness and/or atrophy in the lower extremities (27).  
In addition Jinkins et al (21) further suggest that disc 
extrusion may be responsible for an "autonomic 
syndrome" with symptoms including diaphoresis, 
piloerection, vasomotor changes, changes in blood 
pressure, heart rate, respiratory rate and alertness. 
 
C.  SCIATIC RADIATION: 
 
Pain to the lower extremities m ay arise from nearly 
every anatomical structure in the lumbar spine (23).  
True sciatica (radicular pain) should be ascribed to root 
compression only with its attendant symptoms of 
defined leg pain, numbness, weakness or paraesthesia 
(28)(28A). 
 
Where there is no neurological deficit and the pain is 
felt in a sciatic distribution the term sciatic distribution 
should be used.  Internal disc disruption when severe 
can refer pain into the legs (12). 
 
It should be noted however, that in patients with sciatic 
radiation, radiculopathy cannot be ruled out solely on 
the basis of a clinical examination.  Haldemann et al 
found that the most useful test for determining the 
presence or absence of radiculopathy was 
electrodiagnostic testing (29). 
 
DIFFERENTIAL DIAGNOSIS: 
 
A differential diagnosis of lumbar disc disease should 
include all other somatic causes of low back pain and 
leg pain especially the facet joints,  myofascial pain and 
hip degeneration.  Other conditions to be considered 
are spinal stenosis, tumours, infection, vascular 
disorders such as abdominal aortic aneurism, 
rheumatoid arthritis, ankylosing spondylitis, Pagets 
disease, herpes zoster prior to vesicular eruption, 
visceral referred pain and psychogenic pain. (30). 
 
USUAL AND CUSTOMARY EXAMINATION 
PROCEDURES: 
 
Physical/Orthopaedic Examination. 
 
In true disc herniation the classical findings on physical 
examination are low back pain radiating to the lower 
extremity with neurological deficit in the affected leg 
(25)(25A).  The pain is accentuated by straining and 
relieved by recumbency (25A).  However, other 
classical findings such as are few and far between. 
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There is considerable overlap between the clinical 
presentation  of low back pain of differing origins.  
Some tests that may assist i n indicating a "non-
contained" disc lesion are nerve root traction tests such 
as low back pain on straight leg raising (Lasegue test) 
(31) and cross leg pain on straight leg raising (32).  
The Bowstring test where at maximum straight leg 
raising, the knee  is flexed a few degrees and digital 
pressure is applied over the lateral popliteal and 
posterior tibial nerves at the knee posteriorly (28A). 
 
Also pain on prone lying knee flexion which stretches 
the third lumbar nerve root (33). 
 
There is usually pain on several lumbar movements 
which aggravate the herniation with the pain being felt 
in the low back, leg or both.  However in chronic 
herniation lumbar ranges of motion may not elicit pain. 
 
In contrast to the above a contained disc lesion 
(internal disc disruption) produces back pain of a non 
specific nature.  When severe it could be referred to the 
lower limbs but without neurological signs.  Pain is 
exacerbated by any movement which stresses the 
annulus.  Muscle guarding could be a feature (12). 
 
 
DIAGNOSTIC IMAGING: 
 
The diagnostic imaging modalities used in the 
assessment of disc disease include plain film 
radiography, myelography, computerised tomography 
(CT), discography (with or without provocation), 
magnetic resonance imaging (MRI) and combinations 
of the above notably CT with myelography and CT with 
discography (Disco-CT)(34). 
 
1.  Plain film radiography will not show the disc 
itself but will demonstrate the late 
manifestations of disc disease which include: 
spondylosis, disc space narrowing and vacuum 
phenomenon.  Certainly plain radiographs 
demonstrate many types of pathology which 
may give rise to back pain and indeed some 
authors advocate plain radiographs in every 
case of low back pain and sciatica (67). 
 
2.  Myelography is now primarily used to 
demonstrate small intra-thecal masses and 
adhesive arachnoiditis (35). However, it is still 
used by some to image posterior disc protrusion 
prior to surgery (36). 
 
3.  Computed Tomography provides excellent 
images of non-contained disc extrusion both 
annulus bulging and nuclear herniation.  It can 
also image internal disc disease to the extent of 
visualising vacuum phenomenon (34)(36)(37). 
 
4.  Discography is a useful tool in the assessment 
of patients with disc degeneration (38)(39).  
However, it is invasive and not without 
attendant risks especially infection (40). 
 
5.  Magnetic Resonance Imaging can be used to 
measure quantitatively degeneration in discs 
(41) and is thought to depend on the change in 
the water content in the disc with aging (42). 
 
6.  CT/Myelography is often favoured rather than 
conventional myelography where CT findings 
are equivocal, especially in post-surgical 
circumstances where differentiation of 
recurrent disc herniation from scar tissue is 
important (34). 
 
7.  Discogram with CT.  According to Jackson et 
al (43) disco-CT has a high rate of accuracy 
and is recommended in selected patients with 
suspected lumbar disc herniation whose other 
tests are non-diagnostic, especially those with 
possible foraminal or recurrent herniation.  It is 
also considered the diagnostic imaging of 
choice for internal disc disruption (12)(44). 
 
 
CLINICAL LABORATORY TESTS: 
 
With disc herniation there is not specific blood test 
available.  Marshall et al (16) suggested that a rupture 
of the annulus with consequent liberation of nuclear 
fluid into the tissues would be followed by a high 
serum titre of antibodies to glycoprotein at three week 
post rupture.  However, the authors only isolated this 
phenomenon in one case and the test has not gained 
credence. 
 
Electro-diagnostic testing can be used in the 
investigation of spinal nerve root function.  It is 
possible to determine with reasonable accuracy the 
segmental level of a radiculopathy and to isolate both 
sensory and motor components that  may exist 
independently or at the same time (45). 
 
 
GOALS OF TREATMENT: 
 
1.  Reduction of pain, inflammation and spasm. 
2.  Restoration of function. 
3.  Reduce risk of reoccurence. 
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CHIROPRACTIC MANAGEMENT: 
 
The selection of a management regime for active disc 
disease should be based on the category of pain 
presentation, duration and severity of symptoms and 
the amount of anatomic change. 
 
The clinical presentation of disc disease can be 
summarised in the following way: 
 
1.  Acute low back pain. 
2.  Sub-acute low back pain. 
3.  Chronic low back pain. 
4.  Acute low back pain with referred pain into 
  the buttock, hip or thigh. 
5.  Sub-acute low back pain with referred pain 
  into buttock, hip or thigh. 
6.  Chronic low back pain with referred pain into 
  the buttock, hip or thigh. 
7.  Acute low back and leg pain including the 
  lower leg. 
8.  Sub-acute low back and leg pain including the 
  lower leg. 
9.  Chronic lower leg pain with or without low 
  back pain. 
 
Where acute is defined as 1-10 days. 
Where sub-acute is defined as 11 days-6 weeks. 
Where chronic is defined as >6 weeks. 
 
A Guide to Chiropractic Treatment of Each Category: 
 
Categories 1,4,7: 
 
Initially 2 days of bed rest is recommended (46), 
however up to 2 weeks may be required (47).  treatment 
should be directed at relieving symptoms with physical 
therapy modalities such as TENS at home (48) and 
anti-inflammatory/analgesic medication when required 
(49).  As the patient improves mobilising techniques 
and exercises may be implemented, initially to increase 
ranges of motion and enhance disc nutrition (50).  
However, where neurological changes such as with 
cauda equina syndrome exist surgery may be indicated 
immediately. 
 
Categories 2,5,8. 
 
If we assume that the regime above for the acute phase 
has been instituted and was not curative, then a trial of 
traction should be considered, using static traction at 
first then progressing to intermittent motorised traction 
(52)(53).  Importantly in this sub-acute phase the 
patient should maintain aerobic fitness where possible 
and a tailored functional exercise programme instituted 
(54). 
 
Categories 3,6,9. 
 
The treatment of the chronic phase depends upon many 
factors including severity of dysfunction, psychological 
factors and neurological deficit. 
 
Certainly, if symptoms are not resolving at the three 
month mark there is evidence that further delay of 
surgical intervention in true disc herniation with 
sciatica may inhibit functional restoration (55).  
However, Halkelius (55) showed that sciatica is a 
transient and self limited condition that usually resolves 
satisfactorily regardless of whether the treatment is 
conservative or surgical.  Yet in the chronic sciatica 
type of patient with unremitting pain, surgery does 
seem to offer a better long term prognosis with respect 
to their pain, residual sciatica and frequency of 
reoccurrences (55). 
 
Where the patient is progressing slowly, management 
should concentrate on functional restoration, especially 
strength, mobility and endurance work.  Also on pain 
management techniques, ergonomic advice, return to 
suitable work and psychological support (50). 
 
The management programme may involve the treating 
chiropractic physician, psychologist, occupational 
therapist and back school. 
 
Progress in the chronic stage may be marked by 
exacerbations and remissions.  Treatment for 
exacerbations depends on what level the patient 
regresses to. 
 
PROGNOSIS: 
 
The natural history of low back pain is benign and it is 
generally a self limiting condition.  In fact 90% of all 
low back pain episodes resolve without physician 
intervention (56).  The natural course for disc 
herniation is also favourable (57) with most resolving 
satisfactorily within 6 months (2). 
 
DISC DISEASE AS A COMPLICATION:   
 
Disc disease has a number of individual risk factors: 
 
1.  TRAUMA.  Whether a single traumatic event 
or a repetitive strain, trauma has been found 
to predispose to disc disease (12). 
 
2.  PHYSICAL FITNESS.  Improved physical 
fitness has a preventative effect on the 
occurrence of disc disease (58). 
 
3.  HEIGHT AND WEIGHT.  Taller people and 
the obese are more prone to disc disease (2). DISC DISEASE 
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4.  SMOKING.  Smoking has been linked to disc 
disease (59)(60). 
 
5.  SPINAL DISEASES.  Spinal disease such as 
Scheuermanns disease have been linked to 
disc disease (61). 
6.  HEREDITY.  Lawrence claims a link 
between relatives of patients with disc 
herniation (62). 
 
7.  AGE.  The risk of disc herniation at the L4/5 
and L5/S1 levels increases until the fifth 
decade and thereafter decreases.  H owever, 
the relative risk of disc herniations at L2/L3 
and L3/L4 is greater in the population over 
the age of 50 years (62).  Lysosomal enzymes 
have been identified in the disc and the 
balance between these and biosynthetic 
activities may be an important f actor in 
determining tissue changes of the disc with 
age (65). 
 
8.  SEX.  Most surveys indicate the relative risk 
of low back pain is similar for males and 
females until the age of sixty (64). 
 
 
References. 
 
1.  Bogduk N., Twomey L.T.  Clinical Anatomy of 
the Lumbar Spine.  Churchill Livingstone 1987 
p.11 
2.  Vanharanta H.  Etiology, Epidemiology and 
Natural History of Lumbar Disc Disease. From: 
Lumbar Disc Disease, in Spine - State of the Art 
Reviews. Publisher: Hanley and Belfus Inc. 1989. 
Ed. Guyer R.D. pp. 1-12. 
3.  Lloyd P.T. Radiology of Vertebral Mechanics.  
In:Osteopathic Medicine. Ed. Hoag J.M. et al. 
1969. McGraw Hill P. 132. 
4.  Spitzer W.O. (Chairman). Report of the Quebec 
Task Force on Spinal Disorders. Diagnosis of the 
Problem. Chap. 3 Spine Vol 12. No.  7s. Sept. 
1987. p. S16. 
5.  Sachs B.L., Vanharanta H., Spivey M.A. et al.  
The Relatrionship of Pain Provocation to Lumbar 
Disc Deterioration as Seen by CT/Discography. 
Spine Vol. 12. No. 3. 1987. pp. 295-298. 
6.  Ashman R.B. Disc Anatomy and biomechanics. 
From:Lumbar Disc Disease in Spine: State of the 
Art Reviews. Publisher: Hanley and Belfus Inc. 
1989. Ed. Guyer R.D. pp. 13-26. 
7.  Yoshizawa H., O'Brian J., Smith W.T., Trumper 
M.  The Neuropathology of intervertebral Disc 
removed for Low Back pain.  J. Pathol. 132:95-
104, 1980. 
 
8.  Bogduk N., Tynan W., Wilson AlS.  The Nerve 
Supply to the Lumbar Intervertebral Discs. J. 
Anat. 132:39-56. 1981. 
9.  Bogduk N., Twomey L.T.  Clinical Anatomy of 
the Lumbar Spine.  Churchill Livingstone 1987 
p.145. 
10.  White A.A., Panjabi M.M.  Clinical 
biomechanics of the Spine.  J.B. Lipincott and 
Co. Chapter 1. pp. 14-5. 1978. 
11.  Adams M.A., Hutton W.C.  Gradual Disc 
Prolapse.  Spine.  1985.  Vol. 10. No. 6. pp. 
524-542. 
12.  Boduk N.  Pathology of Lumbar D isc Pain.  
Bulletin Australian Assoc. Musculo-Skeletal 
Med. Vol. 5. No. 1. pp. 16-26. June. 1989. 
13.  Crock H.V.  Practice of Spinal Surgery. New 
York: Springer Verlag. pp. 1-319. 1983. 
14.  Crock H.V. Internal Disc Disruption. Spine. 
Vol. 11. No. 6. 1986. pp. 650-653. 
15.  Farfan H.F., Cossette J.W., Robertson G.H. et al.  
The Effects of Torsion on the Lumbar 
Intervertebral Joint Disorders. Clin. Orthop. 
158:198-214. 1981. 
16.  Marshall L., Trethewie E.R.  Chemical 
Radiculitis. Clin. Orthop 129:61-67. 1977. 
17.  McCurran R.F. et al.  The Inflammatory Effect 
of Nucleus Pulposus.  A possible Element in the 
Pathogenesis of Low Back Pain.  Spine. 12:760-
764. 1987. 
18.  Farfan H.F.  Symptomatology in Terms of the 
Pathomechanics of Low Back Pain and Sciatica.  
In:Modern Developments in the Principles of 
Practice of Chiropractic. ed. Haldemann.  S. 
Appleton.  Century Crofts. New York. 1979. pp. 
171-185. 
19.  White A.A., Panjabi M.M.  Clinical 
biomechanics of the Spine.  J.B. Lipincott and 
Co. Chapter 1. p. 287. 1978. 
20.  Bogduk N., Twomey L.T.  Clinical Anatomy of 
the Lumbar Spine.  Churchill Livingstone 1987 
pp.142-143. 
21.  Jinkins J.R., Whittemore A.R., Bradley W.G.  
The Anatomic Basis of Vertebrogenic Pain and 
the Autonomic Syndrome Associated with 
Lumbar Disc Extrusion.  A.J.R., 152. June 
1989. pp. 1277-1289. 
22.  Wiesel S.W., Tsourmas N., Feffer H.L. et al.  A 
Study of Computer Assisted Tomography. 1. 
The incidence of positive CAT scans in an 
asymptomatic group of patients. Spine. Vol. 9. 
No. 6. pp. 549-551. 1984. 
23.  Wyke B.  The Neurology of Low Back Pain.  
In:The Lumbar Spine and Back Pain.  Ed. 2. 
Editor. Jayson MIV. Publisher. Pitman Medical. 
1980. pp. 265-340. DISC DISEASE 
WALKER 
COMSIG REVIEW 
Volume 2 • Number 2 • July 1993    43 
24.  Mixter W.J., Barr J.S.  Rupture of the 
Intervertebral Disc with Involvement of the 
Spinal Canal.  N. Engl. J.Med. 211:210,1934. 
25.  Crawford-Adams J.  Outline of Orthopaedics.  
Edition 7. Churchill Livingstone. 1973. pp. 202-
207. 
26.  Mooney V. Where is the Pain Coming From?  
Spine. 1978. Vol. 12. No. 8. pp. 754-759. 
27.  Cyriax J. Textbook o f Orthopaedic Medicine. 
Vol. 1. Edit. 5. Balliere Tindall Cassell. 1970. 
pp. 468-480. 
28.  Bogduk N., Twomey L.T.  Clinical Anatomy of 
the Lumbar Spine.  Churchill Livingstone 1987 
pp.134-135 
28A.  Kirkaldy-Willis W.H.  Managing Low Back 
Pain.  Churchill Livingstone. 1983. p. 101. 
29.  Haldeman S. et al. Computed Tomography, 
Electrodiagnostic and Clinical Findings in 
Chronic Worker"s Compensation Patients witb 
Back and Leg Pain.  Spine. Vol. 13. No. 3. 1988. 
pp. 345-350. 
30.  Lonstein M., Hochschuler S.M. D ifferential 
Diagnosis of Lumbar Disc Disease.  In:Spine. 
State of the Art Reviews. Vol. 3. No. 1. Jan. 
1989. pp. 57-68. 
31.  Cyriax. J. Textbook of Orthopaedic Medicine. 
Vol. 1. Edition 5. Balliere tindall Cassell. 1969. 
p. 453. 
32.  Khuffah B., Porter R.W.  Cross Leg Pain and 
Trunk List.  Spine. Vol. 14. No. 6. 1989. pp. 
602-603. 
33.  Cyriax. J. Textbook of Orthopaedic Medicine. 
Vol. 1. Edition 5. Balliere tindall Cassell. 1969. 
p. 461. 
34.  Yochum T.R.Y., Rowe L.R.  Essentials of 
Skeletal Radiology.  Williams and Wilkins.  
1987. pp. 291-316. 
35.  Shalen P.R.  Radiological Techniques for 
Diagnosis of Lumbar Disc Degeneration.  
In:Spine: State of the Art Reviews.  1989. pp. 27-
48. 
36.  Walker B.F.  Computed Tomography of the 
Lumbar Spine in a Chiropractic Practice.  J.Aust. 
Chiro. Assn. 1985. Sept. pp.? 
37.  Haughton V.M.  Computed Tomography of the 
Spine.  Churchill Livingstone.  1983. pp. 23-38. 
38.  Kornberg M.  Discography and MRI in the 
Diagnosis of Lumbar disc Disruption.  Spine. 
Vol. 14. No. 12. 1989. pp. 1368-1372. 
39.  Grubb S.A. et al.  The Relative Value of Lumbar 
Roentgenograms, Metrizamide Myelography and 
Discography in the Assessment of Patients with 
Chronic Low Back Syndrome.  Spine. Vol. 12. 
No. 3. 1987. 
 
40.  Nachemson A.  Lumbar Discography where are 
we today?.  Spine. Vol. 14. No. 6. 1989. pp. 555-
557. 
41.  Hickey D.S. et al.  Analysis of M.R. Images 
from normal and Degenerate Lumbar 
Intervertebral Discs.  Spine. Vol. 11. No. 7. 
1986. pp. 702-708. 
42.  Schneiderman G. et al.  MRI in the diagnosis of 
Disc Degeneration.  Correlation with 
Discography.  Spine. Vol. 12. No. 11. 1987. pp. 
276-281. 
43.  Jackson et al.  The Neuroradiographic Diagnosis 
of Lumbar HNP:1.  Spine. Voil. 14. No. 12. 
1989. pp. 1356-1361. 
44.  Sachs B.L. et al. Dallas Discogram Description.  
Spine. Vol. 12. No. 3. 1987. pp. 287-294. 
45.  Haldeman S.  The electrodiagnostic Evaluation 
of Nerve Root Function.  Spine. Vol. 9. No. 1. 
1984. pp. 42-48. 
46.  Deyo D.A., Diehl A.K., Rosenthal M.  How 
Many Days of Bed Rest for Acute Low  Back 
Pain?  A Randomised Clinical Trial.  N. Engl. 
J.Med.  Vol. 315. No. 17. pp. 1064-1070. 
47.  Bell G.R., Rothman R.H.  The Conservative 
Treatment of Sciatica.  Spine. Vol. 9. No. 1. 
1984. pp. 54-56. 
48.  Melzack R., Vetere P., Finch L.  Transcutaneous 
Electrical Nerve Stimulation for Low Back Pain: 
A Comparison of TENS and Massage for Pain 
and Range of Motion.  Phys.Ther. 63:289-493. 
1983. 
49.  Deyo R.A., Conservative Therapy for Low Back 
Pain:  Distinguishing Useful From Useless 
Therapy.  JAMA 250:1057-1062.  1983. 
50.  Spitzer W.O., LeBlanc F.E., Dupius M.  
Scientific Approach to the Assessment and 
Management of Activity Related Spinal 
Disorders.  Report of the Quebec Taskforce on 
Spinal Disorders.  Spine. Vol. 12. No. 7S. 1987. 
PP.S23-29. 
51.  Quon J.A. et al.  Lumbar Intervertebral Disc 
Herniation: Treatment by Rotational 
Manipulation. JMPT 12:3, June 1989. pp. 220-
227. 
52.  Larsson U. et al.  Autotraction for treatment of 
Lumbagosciatica.  Acta Orthop. Scand. 51:791-
798. 1980. 
53.  Jaskoviak P.A.  Applied Physiotherapy.  
Publisher: Amer.Chiro. Assn. Virginia. 1986. 
pp. 245-362. 
54.  Mayer T.G., Gatchel R.J., Kishino N. etal. 
Objective Assessment of Spine Function  
Following Industrial Injury. Spine. Vol. 10. No. 
5. pp. 482-493. 
 
 DISC DISEASE 
WALKER 
    COMSIG REVIEW 
44    Volume 2 • Number 2 • July 1993 
55.  Hakelius A.  Prognosis in Sciatica.  A Clinical 
Follow Up of Surgical and Non Surgical 
Treatment. Acta Orthop.Scand. (Suppl) 129:1-
76. 1970. 
56.  Dixon A.S.J.  Diagnosis of Low Back Pain. 
Sorting the Complainers. In:Jayson M. (Ed) The 
Lumbar Spine and Back Pain. New York. Grune 
and Stratton. 1976. pp. 77-92. 
57.  Weber H.  Lumbar Disc Herniation.  A 
Controlled Prospective Study with 10 years of 
Observation.  Spine. 8:131-140. 1983. 
58.  Cady L.D. et al.  Strength and Fitness and 
Subsequent Back Injuries in Fire-Fighters. 
J.Occup.Med. 21:269-272. 1979. 
59.  Deyo R.A., Bass J.E.  Lifestyle and Low Back 
Pain.  Spine. Vol. 14. No. 5. 1989. pp. 501-506. 
60.  Frymoyer J.W., Pope M.H., Clements J.H. et al.  
Risk Factors in Low Back Pain.  An 
Epidemiological Survey. J. Bone Joint  Surg. 
65A:213-218. 1983. 
61.  Hilton R.C. Systematic Studies of Spinal 
Mobility and Schmorl's Nodes. In:The Lumbar 
Spine and Back Pain. Ed:Jayson M.I.V., Pitman 
Medical U.K. p. 131. 
62.  Lawrence J.S.  Disc Degeneration: It's frequency 
and Relationship to  Symptoms.  
Ann.Rheum.Dis. 28:121-138. 1969. 
63.  Sprangfort E.V.  The Lumbar Disc Herniation: 
A Computer-Aided Analysis of 2504 
Operations.  Acta Orthop.Scand. 1972. 
142(supl):1-95. 
64.  Frymoyer J.W., Gordon S.L. (Eds).  New 
Perspectives on Low Back Pain.  Publisher: 
Amer.Acad.of Orthop.Surgeons. 1988. Illinios. 
p. 24. 
65.  Jayson MIV. (Ed)  The Lumbar Spine and Back 
Pain. Pitman Medical Edition 2. p. 409. 1980. 
66.  Butler D. et al.,  Discs Degenerate Before 
Facets. Spine. Vol. 15. No. 2. pp. 111-113. 
67.  Mankin H.J., Editors: Wilson J.D. et al., 
Harrison's Internal Medicine. Edition 12. 
McGraw-Hill. Back and Neck Pain. Chapter 19. 
p. 118. 
 